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Introduction
One of the fundamental ideas underlying the EU is the creation of a Single Market where goods and services, capital and labour, can flow freely between Member States. This idea has been extended to online trade in the Digital Agenda for Europe (DAE) that envisages the creation of a Digital Single Market (European Commission, 2010) and "tackling the regulatory barriers holding back European businesses from trading cross-border". The performance targets set in the DAE include specific ecommerce targets: At least 50 per cent of all European consumers should engage in online purchases by 2015, and 20 per cent should do online cross-border purchases by 2015. Boosting e-commerce and cross-border trade should not be seen as economic policy objectives in their own right. They are means to generate the welfare benefits that can be expected from (cross-border) e-commerce: more competition and lower prices, a wider range of consumer choice, economies of scale for suppliers, etc.
The annual Digital Agenda Scoreboard (European Commission, 2014) reveals that e-commerce uptake by EU households stood at 47% in 2013 and within reach of the 50% target for 2015. The cross-border e-commerce target remains out of reach however. It stood at 12% only in 2013, up from 9 % in 2009 but still far from the 20% target. This may be due to a variety of reasons related to consumer preferences, suppliers' commercial strategies and regulatory issues.
Subjective obstacles to e-commerce on the consumer side are lack of trust or familiarity with ecommerce. Some studies point to an inherent preference for home market suppliers and suppliers within the consumer's own cultural and linguistic realm (Gomez et al., 2014) . A consumer survey carried out for the European Commission found that concerns regarding delivery and return possibilities, as well as doubts about misuse of payment cards and personal data may deter consumers from shopping online in another country (Civic Consulting, 2011) . Another consumer survey shows that while the majority of the EU population (59.2 %) feels confident making domestic purchases via the Internet, a much lower percentage (35.4 %) expresses confidence about cross-border purchases (European Commission, 2013a) . Another study looks at the EU parcel market and finds that online shoppers regard delivery times as too long and delivery costs too high (Copenhagen Economics, 2013) . The Commission formulated actions to build trust in online markets, improve consumer protection and operator information, dispute resolution, reliable payment and delivery systems (European Commission, 2012) .
In this study we focus on the objective obstacles on the supply side that consumers may encounter after they have decided in favor of shopping online and possibly cross-border, and set aside any subjective concerns about trust or security, language and cultural barriers, etc. We use a mystery shopping survey to examine two types of obstacles that may occur: refusal of shipment (usually carried out by parcel delivery services) and rejection of a means of online payment. Mystery shopping data address objective barriers; consumer concerns are filtered out. To our knowledge there is no literature that specifically looks at these supply-side barriers of the e-commerce market. There are studies on the postal market and on payment systems, but they do not examine how this reduces supply on the ecommerce market. This study aims to contribute to fill this gap.
Research has investigated the question whether internet facilitates cross-border trade and interaction.
Earlier studies found that more servers are associated with higher trade (Freund et al., 2002) . More recent studies tend to show that a home bias exists in the online world and that the distance effect remains especially for taste dependent goods (Blum et al., 2006 ). An adoption study shows that ecommerce is not more attractive for firms that sell in distant markets (Hollenstein et al., 2008) . To the best of our knowledge there is no study about the objective supply side barriers that restrict consumer attempts to buy cross-border online.
This study addresses several research questions. First, we try to quantify the importance of supply side barriers in EU online trade and their negative impact on e-commerce. What is the probability that online transactions fail because of some objective reasons on the supply side that are not related to the consumer's subjective perceptions? Second, we estimate to what extent these objective obstacles have a differential impact on domestic and cross-border online trade patterns in the EU. Third, we explore if obstacles are related to the characteristics of the online traded goods and what the cause of the obstacles could be. We find that 52 per cent of all attempts at cross-border purchase fail because the online shop refused to ship the product to the buyer's country -compared to a marginal but nevertheless non-zero refusal rate for domestic orders (only 3 per cent, see Figure 1 ). Furthermore these obstacles are most prevalent for goods that are subject to geographical restraints agreed between producers, wholesalers and retailers. As such, obstacles to online cross-border trade mirror the territorial restrictions in competition in offline markets.
This report is structured as follows. Section 2 discusses the data source and presents some descriptive statistics. Section 3 presents and tests some simple analytical models, and discusses the results. Section 4 concludes.
The Data and some descriptive statistics
The main data source for this study is a 2009 "mystery shopping" survey carried out on behalf of the European Commission (Meier-Pesti et al., 2009 ). Mystery shopping is employed to measure shopping service quality by having a trained anonymous observer mimic a shopping experience and go through the entire online ordering process up to the final order confirmation but without actually placing the 4 order at the end of the process 1 . The strength of this method lies in evaluating objective criteria that impede a transaction once the decision to shop online has been taken and subjective criteria such as trust and familiarity no longer play a role. Subjective perceptions of customer experience are collected in consumer surveys (Finn et al., 1999) .
The mystery shopping survey was conducted from each of the 27 EU Members States 2 . The pre-defined shopping list included 100 products that are representative of the average online shopping basket.
Products were defined in detail. For example, "DVD film: The Dark Knight". Products were classified in eleven different groups (See Table 1 ). The three most important online shopping products, "clothes, sports goods", "Household goods" and "books/magazines" (European Commission, 2013b) are represented. The survey covers only physical goods that need to be shipped, not digital download versions of books, CDs and DVDs. Services were also excluded. Five shopping attempts were made for each product from each country, adding up to a total of 500 shopping tours from each Country of Buyer (CoB) . Overall 100 different products tested 5 times from 27 countries sums up to a total of 13,573 observations (completed questionnaires).
3
Shopping destination countries (Country of Seller, CoS) and online shops were identified in the first stage of the survey. Potential online suppliers were identified by means of a search process launched from each CoB. Out of the search results, five links were selected that included domestic online shops as well as shops in other EU countries. Links outside the EU were excluded. The list of 5 was designed in such a way that it included at least one small Member State per product. Table 2 shows which country relationships were tested by the mystery shoppers. The diagonal shows domestic shopping attempts; off-diagonal elements represent cross-border shopping attempts.
Obviously the sample design is primarily focused on representing as many country combinations as possible and is not representative of actual domestic and cross-border online trade volumes. About 36 per cent of all possible country pairs were not covered at all, e.g. no Belgian mystery shopper tested a web-shop in Bulgaria. The frequency distribution of CoS varies considerably. The most popular eshopping destinations for the mystery shoppers were UK and Germany, while web-shops in Cyprus and Malta received hardly any visits from the mystery shoppers. These proportions roughly reflect the true weights of countries in EU online commerce (Civic Consulting, 2011, p35) . Still the weakness of the 1 Not pushing the "order" button may induce bias in the data since, in some cases, rejections and obstacles may not emerge before the order button is pushed. A more detailed description of the survey, the complete questionnaire and summary of answers can be found in the original study: http://ec.europa.eu/consumers/consumer_research/market_studies/docs/mystery_shopping_eval_en.pdf mystery shopping method is that it reflects to some extent an artificial pattern of cross-border shopping attempts. There is a degree of randomness in the selection of online shops where the mystery shoppers attempted to buy goods. Apart from some well-known large online retailers, many of the selected shops were rather unknown outside their home country and ordinary consumers would rarely attempt to buy there unless they would happen to know the shop. Conversely, these online shops would probably not expect many foreign buyers. The high failure rates that this type of survey generates should be interpreted with caution. It is likely to overestimate the actual failure rate that discerning consumers face when looking for online shops. However, the survey data do generate interesting results with respect to the type of products and other factors that may contribute to a failed shopping attempt.
That will be the focus of our analysis.
In the second stage, the mystery shoppers activated the links to the online shops and went through the shopping process, stopping short of pushing the final "order" button. In that process they filled in a questionnaire with 75 questions on topics ranging from product details, registration procedure to complaint management. For the focus of this study we concentrate on two main criteria that can pose an objective obstacle to a successful online shopping transaction: Shipment and Payment. These two variables are derived from the following questions: "Is shipment to your country possible?" ("shipment").
The variable "payment" is classified as successful when either the question "Does the shop accept my direct debit/bank details?" or "Does the shop accept my debit/credit card?" has been answered with yes.
Additionally for some descriptives we take into account the answer to "Were you able to register on the website successfully?" (in the remaining text referred to as the variable "registration") and the summary question "Is it possible to conduct the complete ordering process up to the final order confirmation?" ("order"). We also measure the overall success of the ordering process with the variable "order (sum)" which receives an affirmative answer conditional on all criteria having been managed successfully by the mystery shopper. The summary statistics of these barrier variables can be seen in Table 3 . More than 80% of the shopping attempts results in successful registration. The entire ordering process could be completed in only 42% of the cases. As Table 4 demonstrates, all barrier variables are positively and significantly correlated, though they are by no means completely overlapping. Registration is a more independent problem, while the success of shipping and payment are more closely related.
There is a substantial difference in success rates between domestic and cross-border shopping in the EU. The relative simple process of registration is only successful for 88% of all domestic orders and 80% of cross-border orders. These high failure rates seem to hint at problems in the construction of the websites, considering that mystery shoppers had to demonstrate a high level of online literacy and above average education in order to participate in the survey (Meier-Pesti et al., 2009) . While 97% of domestic orders could successfully be shipped, not even half of the attempted cross-border orders could potentially be shipped to the mystery shopper's country ( Figure 1 ). The success rates for shipment for each country combination are shown in Table 5 . Payment similarly shows a high failure rate (47%) for cross-border offers but also poses a problem to nearly a quarter of domestic orders. The substantial difference in success rates between domestic and cross-border payments alludes to geographical market segmentation in online payment systems. However, the high failure rate in payments for domestic transactions suggests a general inadequacy in online payment systems.
The mystery survey does not take into account the cost of possible additional charges for shipment or payment choices and solely reflects the possibility of shipment or payment. It is therefore likely to underestimate the scale of these obstacles.
There is also substantial variability of success rates across product categories (Table 1) . Only 39% of electrical appliances (which includes products such as fridges, vacuum cleaners and drilling machines) could be shipped to the mystery shopper's country, while books could be shipped in nearly 82% of the cases. Potential explanatory variables may come into play with regard to shipment, such as bulkiness and transport costs. 90% of books, CD or DVD orders can be shipped while ordering electrical appliances fails in 25% of all cases. However, the same degree of variation across product categories can be observed for registration and payment. There is no immediately apparent reason why registration and payment should be correlated with the type of product, so other factors may be at work here. Payment success might still be explained for partly by price, as "Computer hardware" and "Electrical" goods showthe lowest acceptance rates of 43.2% and 40.5% respectively, while paying for ''Books" is successful in 79% of the orders.
A more formal methodology
In this section, we propose a formal methodology for the analysis of the mystery shopping survey data.
Our aim is to explain the differences in success rates at various stages in the order process (shipment, payment), across categories of goods and differences between domestic and cross-border transactions.
The latter is especially important from an EU Digital Single Market policy perspective. What are the objective barriers that drive geographical market segmentation in online shopping? We use a standard trade model for this purpose, the gravity model. In its traditional interpretation, the gravity model is used to explain the volume of trade between two countries in function of the size of their economies and the distance between them (Feenstra, 2002 , Gomez et al., 2014 . Here, we do not examine the volume of trade between country pairs but the probability of a successful transaction. The mystery shopping survey data includes a number of potential explanatory variables for (un)successful transactions: the location (countries) of the buyer and the seller and the type of product. Moreover, we bring in additional 7 information on the products as meta-tags that were not included in the original survey data. We complement the data with country variables described in Table 6 and Table 7 .
We formulate the probability function for a successful (step in the) online shopping procedure as dependent on product and country characteristics: In a second step of the analysis, we take the estimated coefficients of the country fixed effects, both for CoS and CoB, and regress them on a variety of country characteristics to extract more information out of these coefficients: are there any country-level characteristics that matter for the success of an online shopping operation?
̂ to be estimated at the country level j. The dependent variable observations ̂ are obtained from the first estimation above. The set of explanatory variables Xj is a set of country characteristics. Table 8 presents the results of the Logit regressions for the gravity model for the main dependant variable, the probability of successful shipment of the goods. We have also run these regressions with successful payment as the dependent variable in Table 9 . Overall, the coefficients in the shipment and payment regressions have the same sign and significance and a similar relative magnitude. The first three columns in Table 8 and Table 9 contain the regression for all attempted online transactions (with two variations on the contiguity and distance variables) while the last column runs this regression for cross-border transactions only. The country fixed effects from the full regression (the coefficients on the CoB and CoS dummies) have been put in a separate Table 10 .
Results
Nearly 20 per cent of all online transactions in our sample are domestic. We find that there is a strong border effect in the probability of successful shipment and, to a lesser extent, payment. Domestic shipment is almost 56 times more likely to succeed (exp(4.042)= 56) than cross-border shipment.
Recall that the cost of shipment does not play a role here. This variable reflects the supplier's willingness to ship the good to the country of the buyer, not the buyer's rejection of the cost of shipment. There are less cross-border constraints on online payments, though domestic payments are still five times as likely to be successful than cross-border (exp(1.622)=5).
Contiguity (a common border) and geographical distance are statistically insignificant. Common language has the expected positive effect, though it is relatively small compared to what Gomez et al.
(2014) find in gravity model estimates for e-commerce and other online trade. This may be due to the fact that this is not a sample of spontaneous consumer transactions and that the buyers have aboveaverage language skills.
The probability of success is not affected by copyright-protected goods. The coefficient is not significant. While the territoriality of copyright might play a role in the online sale of digital media (for digital download and streaming), it is not expected to be important in physically delivered media products. For the latter category, copyright is exhausted at the point of sale and they can be sold Notes: Source is the CEPII database (http://www.cepii.fr/CEPII/en/bdd_modele/bdd.asp). Domestic distance is based on greatest circle method. Distance is measured by calculating bilateral distances between the biggest cities of the two countries and those inter-city distances being weighted by the share of the city in the overall country's population.
anywhere, without territorial restrictions. For digital goods, copyright is not exhausted at the point of sale and territorial restrictions apply. The size and/or weight of the goods clearly have a negative impact on the probability of shipment.
Among product categories, print books are the most likely to ship across borders. They are taken as the reference point in this regression. All other types of goods have lower probabilities of acceptance for shipment. Table 8 shows for instance that computer games will change the likelihood to be accepted for shipment by -1.901 compared to books, and TV screens are least likely to be shipped. Since physical characteristics such as size and weight are already controlled for in this equation, other impediments must be at work here. Vertical agreements between wholesalers and online retailers with territoriality clauses that prohibit exports to other EU Member States look like a valid candidate to explain bottlenecks in cross-border trade. Indeed, the products least likely to ship may all be subject to territoriality clauses in contractual agreements between producers, wholesalers and (online) retailers. to withhold shipment. We conclude from this that vertical restraints that put limits on competition and cross-border sales in offline markets seem to spill over to online markets and create an impediments to cross-border e-commerce. Table 10 shows the country fixed effects from the buyer and seller perspective. Being a buyer from
France or Italy will increase your chances to get the product shipped compared to buyers from e.g. Malta or Cyprus. Buying from shops in Luxembourg and Bulgaria will increase the chances to get the order shipped compared to buying from Cyprus or Malta, which have the smallest probability here too. 4 We try to extract more information on country-specific factors that may affect the success of shipment from the country fixed effects coefficients that were obtained in the previous regressions. We put these coefficients as a dependent variable in a regression and try out several candidate explanatory variables.
The results of the eight different specifications can be found in Table 11 . The first four specifications run the regression on the country of seller fixed effects, the remaining four regress the same covariates on the buyer fixed effects. It reveals significant correlation with GDP. Higher income per capita also increases the probability of successful e-commerce. We observe that large markets (measured by population) attract web-shops form other countries and therefore increase the probability of shipment.
However, somewhat surprisingly and not significantly, the larger the home country the less probable a web-shop will ship to other countries. A significant effect can also be observed for "International mobile minutes". This measures to some degree the openness of a country; this can be due to trade or immigration. How this results in a lower probability of shipment for shops and buyers remains to be investigated. Broadband penetration does not seem to have an effect on the barrier variable, in contrast to findings about the role of infrastructure for e-commerce adoption.
Generally, we observe low explanatory powers for these regressions. The estimations for payment show no significant variables and a very low R-squared, which suggests low explanatory power at the country level for the payment process. We believe the problem in this case starts already with the few observations in the first stage estimations of Equation 1 and, henceforth, measurement problems of the dependent variable of the second stage regression. Obviously, the low number of observations available
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The signs are all negative because shops from the base country, Latvia, have the highest probability to ship the online orders. and the absence of firm level characteristics make it very difficult to come to meaningful conclusions.
This might be an area for further data collection and research.
Conclusions and limitations
The study constitutes a first analysis of objective supply side barriers to online trade and in particular cross-border trade. We find that 97 per cent of domestic orders lead to a successful shipment but only 48 per cent of all attempts at cross-border shipment succeed. A shared language between buyer and supplier countries increased and size of the goods decreased the chances of success. However, goods that are subject to geographical sales restrictions (vertical agreements) between producers, wholesalers and retailers are the least likely to be available for online cross-border orders. This indicates that restrictions in competition in offline markets are spilling over to online markets and prevent the realization of some of the benefits of online sales technology. Regional integration in digital markets is constrained by (the lack of) integration in traditional bricks & mortar markets.
This leaves EU policy makers with a choice of instruments to address these obstacles. They might invoke Article 20 of the EU Services Directive that prohibits restrictions on cross-border online services unless there are objective reasons to do so. That debate would turn around the validity of these "objective reasons". Competition policy makers might argue that legitimate vertical restraints that limit cross-border sales constitute an objective reason. That shifts the debate to the question whether these vertical restraints retain their full economic justification in an online world where a substantial share of sales and economies of scale may be generated through cross-border transactions. This is an area where more empirical research would be needed.
For more robust and in-depth analysis, further information on the web-shops visited and the regulatory environment by country and sector would be helpful to study firm behaviour on the supply side in more detail. This might contribute to understanding whether these supply-side barriers are caused by regulation or strategic behaviour of companies. The current analysis is based on a 2009 cross-section data set. Repeating the survey would add a time dimension and allow us to observe possible changes.
In order to better reflect today's digital markets both goods and services should be included in the study and website sampling could be undertaken to better reflect today's consumer behaviour. Last but not least, the mystery shopping dataset dates back to 2009. In the meantime, e-commerce markets have grown very fast, online sales technology has improved and both consumers and producers have become much more familiar with this technology. Results may well be different if survey data were obtained today, and more conclusions could be drawn from the changes we observe. We therefore conclude with the suggestion that this mystery shopping survey should be repeated. Notes: Source is the CEPII database (http://www.cepii.fr/CEPII/en/bdd_modele/bdd.asp). Domestic distance is based on greatest circle method. Distance is measured by calculating bilateral distances between the biggest cities of the two countries and those inter-city distances being weighted by the share of the city in the overall country's population. Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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